The radial pattern of the plant root is determined by the action of two transcription factors, SHORT ROOT and SCARECROW, which are produced in different cell types. The SHORT ROOT protein has now been shown to move from cell to cell, regulating transcription of the downstream SCARECROW gene in the target cells.
Roots of plants are radially symmetrical organs -a hairy epidermis lies on the outside, with a pipe of vascular tissue called the stele at the centre and a ground tissue in between. Studies of mutant plants with root patterning defects have led to the identification of a pair of transcription factors that are required to set up and maintain the radial organisation of the ground tissue. Now, one of these transcription factors, called SHORT ROOT (SHR), has been shown to move from the inner group of cells, the stele, where its gene is transcribed, to the surrounding ground tissue, where it regulates the production of the other protein, a related transcription factor called SCARECROW (SCR) [1, 2] . SHR and SCR are members of the GRAS family of transcriptional regulators [3] and together they regulate the asymmetric cell divisions that take place during the formation of the two cell layers, endodermis and cortex, of the root ground tissue.
The cell layers that make up the root ground tissue are derived from a ring of stem cells, called initials, located near the base of the root. The initials divide to give rise to a so-called cortical daughter cell. This cell, in turn, divides asymmetrically to form an inner cell, the descendants of which will be endodermis, and an outer cell, the descendants of which will be cortical cells. Plants homozygous for shr or scr mutations form a single cell layer instead of two, because the asymmetric division in the cortical daughter does not occur [2, 4] . SCR is expressed in the ring of initial daughter cells, where its activity is required for the execution of the asymmetric cell division, but surprisingly SHR is expressed in the stele and not in the cells in which its action is required.
The observation that SHR mRNA does not accumulate in the cells in which SHR activity is required suggested that SHR protein might move from the stele cells to cortical initial daughter cells [4] . To detect movement of SHR protein, plants were transformed with a construct encoding a fusion protein in which SHR was linked to the green fluorescent protein (GFP) [1] . The SHR::GFP fusion protein was located in the nucleus and cytoplasm of stele cells, as predicted by the transcription pattern, but it was also found in the nuclei of adjacent cells -the endodermal cells of the ground tissue and, most importantly, the cortical initial daughter. This suggests that the SHR gene is transcribed and its mRNA translated in the cells of the stele, and then either the mRNA or protein molecules move centrifugally to cells in the adjacent layer and no further -SHR does not move into the cortical or epidermal cells outside the endodermis. SHR still moves from the stele to the adjacent cell layer in scr homozygous mutants, indicating that SCR activity is not required for the movement.
The movement of SHR from the stele to the adjacent layer indicates that, as a signal, SHR is mobile, but that its mobility is limited to a distance of one cell from the site of transcription of its gene. It might therefore be expected that, if SHR were misexpressed in an inappropriate cell type, then its product would move centrifugally one cell distance from its new site of transcription. This is indeed what happened when SHR was misexpressed using the SCR promoter. The SCR promoter is active in cortical initials, cortical daughter cells and in the endodermis. When the SCR promoter was used to drive the expression of SHR, SHR mRNA was found in the cortical initial daughter and endodermis, but the SHR protein was found to migrate to the adjacent (outside) cell layer.
As SHR positively regulates SCR transcription, the SCR promoter is activated in the cell layer into which SHR protein migrates, resulting in the transcription of SHR in this layer. The SHR protein that is consequently produced in these cells is then transported to the next outside layer. This cycle of SHR production and centrifugal movement continues, each time inducing SCR transcription and asymmetric cell division until a root with multiple endodermal layers is formed. This result reinforces the view that SHR can move one cell distance from its site of transcription in a centrifugal direction, where it positively regulates SCR expression.
Asymmetric cell division is often accompanied by the asymmetric segregation of proteins to daughter cells. While in plant roots the division of the cortical daughter cell is asymmetric, immediately after cell division the SHR protein is equally distributed between the two daughter cells, and only subsequently does it disappear from the outer, cortical R984 Current Biology Vol 11 No 23 cell. This asymmetric cell division is thus not directly accompanied by an asymmetric partitioning of SHR protein into the daughter cells.
SHR may therefore be considered to be a mobile signal involved in execution of an asymmetric cell division in a cortical initial daughter cell. It moves from the site of its gene's transcription in the stele to the adjacent cell layer, where it positively regulates SCR transcription, which is necessary for the execution of the cell division. Mobile signals are key factors coordinating development in multicellular organisms. In animals, there are many examples of mobile peptide signals that interact with cell surface receptors on the target cells. Signalling molecules of this type have recently been described in plants. Notably, the CLAVATA1 protein has been shown to be a receptor for the CLAVATA2 peptide ligand, forming a signalling system which has been shown to be required to regulate the activity of shoot meristems, the stem cell populations from which the shoot system of plants is derived [5, 6] .
Other proteins move from the inside of one cell to the inside of another. In plants, proteins, nucleic acids and virus particles can move from cell to cell through intercellular pores called plasmodesmata [7] . The pore is bound by a membrane that is contiguous with the plasma membrane and contains at its core a desmotubule -a proteinrich membranous rod that extends from one end of the pore to another and is connected to endoplasmic reticulum on either end. These pores allow the movement of molecules from one cell to another in a similar manner to animal gap junctions, which allow the movement of small molecules such as ions and secondary messengers from the inside of once cell to another. A number of proteins that play important roles in plant development have been shown to move from cell to cell via plasmodesmata. For example, KNOTTED is required for the establishment and maintenance of the shoot meristem, and LEAFY (LFY) regulates the formation of floral meristems [8, 9] .
Plants often produce flowers in a bunch called an inflorescence. The inflorescence has two types of meristem: indeterminate inflorescence meristems which give rise to the body of the inflorescence, and determinate floral meristems which form individual flowers. The formation of the floral meristems requires the activity of the LFY protein -lfy mutants form an inflorescence with no flowers. Studies using genetic mosaics, in which cells in part of a developing inflorescence carry the LFY gene and those in another part of the organ do not, have shown that the LFY protein moves from cell to cell (and so is said to act non-cell autonomously) [9] . Not only does the LFY protein move from cell to cell, but the transported protein has the ability to activate downstream genes, such as APETALA3 (AP3) in its target cell. The precise role of the cell to cell movement of LFY is unclear, as the mRNA and protein are found in the same cells during normal development. Why then does the protein move from cell to cell? One possibility is that the movement of such regulatory proteins within domains allows the amount of protein to be equalised within fields of cells during the formation of developmentally meaningful territories that form before morphogenesis occurs.
The movement of proteins from inside one cell to inside another is not restricted to plants. Evidence is accumulating that regulatory proteins involved in embryonic development and neural function can move from cell to cell in animals [10] . The Engrailed proteins, for example, are homeobox-containing transcription factors that are involved in midbrain and hindbrain development in vertebrates. They are generally thought to act autonomously, that is, in the cells in which they are made. But there is evidence from cell-culture experiments that these proteins can be secreted by one cell and taken up by another, where they are targeted to the nucleus and may act as transcriptional regulators [11] . These proteins may act as signals that can communicate over short distances. Given the sequence conservation in the homeodomain of these proteins, it has been suggested that other members of this class of regulatory protein may move from one cell to another during development. The movement of proteins from one cell to another, either by secretion and uptake in animals or through pores in plants, may be a general mechanism coordinating development in multicellular organisms.
